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20. (Continued)

presented. In contrast to the data obtained at longer ranges (P. D. Herstein,
et al., J. Acoust. Soc. Am. 69 (SI), S33(A), 1981), an increased frequency
spread was found in the received signal due to the greater number of possible
raypaths at short ranges. A marked change in the character of the received
signal was observed at ranges less than 70 nmi. Space and time variability
are given for percentage Doppler shift and bandwidth. Comparison is made to
data reported in the two previous papers and with predictions of the Multipath
Expansion Option of the Generic Sonar Model.
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Viewgraph 1

At the last two meetings of the society, we addressed the space and time
variability of narrowband signals in the ocean at ranges of 70 and 590 nautical
miles. Today we will present the results of our analyses conducted with data ob-
tained at closer ranges and then look at the overall range dependence of our results.

Our experimental data were obtained using the configuration shown here. The
ship towed a very stable low frequency continuous wave source at a constant depth
and speed in the North American Basin. The signals were received on four
hydrophones vertically spanning 400 meters centered near the middle of the water
column. The range intervals we selected for our analysis were centered near 20, 70,
and 590 nautical miles. Now, let's take a look at the data obtained at the 20 nautical
mile range interval.

- Next viewgraph, please. -
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Viewgraph 2

Shown here are two representative power spectra of the signals received on one
of the hydrophones. The X-axis is percent Doppler shift and is negative because we
are opening range. In the upper spectrum, the source-receiver separation is about 18
nautical miles. Note that there is considerable frequency spread and the shape of the
spread somewhat resembles a sawtooth. In the lower figure, the source-receiver
separation is about 24 nautical miles. A quick comparison of the spectra indicates
the signal bandwidth in the lower figure is considerably narrower than in the upper
figure. Thus, one could infer that signal bandwidth is decreasing with increasing
range. (This will be substantiated further in viewgraphs 8 and 9.)

- Next viewgraph, please. -
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DATA MATRIX
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Viewgraph 3

The results of our analysis, which yield classical 3 dB bandwidths by using
second-order polynomial fits to spectra, are presented in this way. The 4
hydrophones are designated HI through H4. The overlapped and windowed data
from each hydrophone were processed in 12 minute-intervals yielding an effective
Discrete Fourier Transform filter bandwidth of 2 millihertz. Therefore, for a two-
hour data set near 20 nautical miles, we obtained 13 space averages by averaging
over the 400 meter vertical extent and 4 time averages by averaging the data from a
single hydrophone over the 13 available time intervals. This makes it possible to
compare bandwidth changes as functions of space and time.

- Next viewgraph, please. -
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BANDWIDTH STATISTICS

NEAR RANGE RESULTS (16-27 nmi)

SPACE AVERAGE TIME AVERAGE
9 a HYDRO- T a

TIME (min) (mHz) (mHz) PHONE (mHz) (mHz)
18 3.4 0.6 H1  4.5 2.7
45 5.3 2.8 H2  3.8 1.0

84 4.2 0.8 H3  3.8 0.8

111 3.0 0.3 H4  3.9 0.9

Viewgraph 4

The table shown here contains the time and space bandwidth statistics obtained
from the data set centered near 20 nautical miles. The method used was to locate the
peak signal in the spectra and then obtain the associated 3 dB bandwidth. These
results show that the space and time averaged classical bandwidth over the 4
hydrophones and approximately 2 hours is very narrow, generally 3 to 6 millihertz.
However, the limitation of this type of standard bandwidth analysis is that the
measurement does not include other lower spectral peaks if they are present and
frequency resolvable.

- Next viewgraph, please. -
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SOURCE ANGLE VS RANGE
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The modeling program identifies principal source or launch angles of eigenrays
that eventually intercept the receiver. Shown here are source angles as a function ofrange for a source at 146 meters and a receiver at 2800 meters. The eigenrays
highlighted by green, near minus 40 degrees, are bottom bounce rays that have
undergone two bottom interactions. Those rays highlighted by yellow have un-
dergone a single bottom interaction. Those identified by red have not interacted
with the bottom. A similar identification can be made for all the other eigenrays.
Note at these ranges the strong dependence of source angle with range. What is not
illustrated here are relative intensities. So let's take a look at modeled intensity
versus source angle for the two ranges indicated by the dashed lines on this figure.

Next viewgraph, please. -
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VS MAGNITUDE OF SOURCE ANGLE

90

100 RANGE16-18nmi

m 110

0
1 I I I I I

z 0 10 20 30 40 50 60
0 MAGNITUDE SOURCE ANGLE (deg)
I--
,

a-
0cc 90
0.

100 RANGE 22-24 nmi

110 A

II I II

0 10 20 30 40 50 60
MAGNITUDE SOURCE ANGLE (deg)

Viewgraph 7

Shown in the upper figure is the modeled propagation loss as a function of the
absolute value of the source angle near 18 nautical miles. The principal reason for
the different levels at this range is the number and incident angles of the bottom
interactions the signals undergo before reaching the receiver. The lower figure
represents the modeled results obtained near 24 nautical miles. At this range the
only eigenrays we expect to resolve are those that either interact with the bottom
once or not at all. From basic physics we know that the Doppler shift for moving
sources and stationary receivers is dependent on radial speed. Our source is moving
at a nearly constant velocity near the ocean surface so we expect a Doppler shift that
is dependent on the magnitude of the source angle. This results in frequency
resolvable spectral peaks being generated from a CW source.

- Next viewgraph, please. -
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Viewgraph 9

Now that we have taken a detailed look at the signal bandwidths at ranges
within a convergence zone we would like to present an overview of the range
dependence of signal bandwidth for moving sources and a multipath environment.
Shown here are five representative spectra obtained on a single hydrophone. The
upper two spectra, obtained from within the first convergence zone, were just
discussed and you can see there is a substantial bandwidth associated with the
signal. The third and fourth spectra were obtained at intermediate ranges of 60 and
72 nautical miles. The bottom figure represents a typical spectra of the received
signal at a separation distance of 590 nautical miles and depicts a very narrow
bandwidth. There are two points we would like to make with this figure. First, it's
relatively easy to generalize and state that the total signal bandwidth decreases as
range increases. Secondly, it appears that principal eigenrays, when they are
resolvable appear to have classically defined 3 dB bandwidths that are very narrow
and independent of range. The shift in the observed minimum value of percent
Doppler shift as a function of ranges is due to slightly different ship speeds. The fact
that it appears to increase monotonially with range is purely coincidental.

- Next viewgraph, please. -
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SOURCE ANGLE VS RANGE
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Viewgraph 10

Shown here are the model results of source angle versus range from 2 to 600
nautical miles for the dominant eigenrays. The arrows near the bottom scale on this
figure indicate the three range intervals that we have investigated in detail. Since the
frequency smear or bandwidth is related to the spread in launch angles for moving
sources it is easy to see (for our experimental conditions) that substantial frequency
smear can occur at relatively close ranges and the smear or bandwidth will in
general decrease as range increases. Furthermore, if one is able to resolve the
eigenrays, the frequency smear due to Doppler shifting is quite small.

Next viewgraph, please. -
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SIGNAL BANDWIDTH VS RANGE
FOR THREE RANGE REGIMES

(HYDROPHONE H1 )

CLOSE INTERMEDIATE LONG
16 586i 1

18 -605

65-

20

S.22- 1 705(-
W I 592
Z r

24 -,!: j.

26 - ,,

,C, I , -e

0 20 40 60 0 20 40 60 0 20 40 60

RELATIVE FREQUENCY (mHz)

Viewgraph 11

Shown here for comparative purposes are the detailed 3, 6, and 9 dB signal
bandwidth contours obtained from one hydrophone at the three range intervals
previously noted. The figure on the left is the closest range interval. It is quite easy
to see that the signal received at 18 nautical miles has a total 6 dB bandwidth
contour of nearly 40 millihertz, and, furthermore, the multipath structure is
resolvable in the frequency domain. The dominant eigenrays in this case are
resolvable and exhibit very narrow bandwidths on the order of 4 millihertz. At the
intermediate ranges, shown here in the center figure, most of the eigenrays
originating at large source angles with respect to the horizontal plane are attenuated
through multiple bottom interactions so that only a few significant eigenrays are
remaining. Thus, the signal bandwidth at this range is much narrower than at 18
nautical miles but still exhibits some spreading, particularly near 72 nautical miles.
At long ranges, shown here on the right, there remains only the one dominant group
of eigenrays with similar launch angles that have not interacted with the bottom;
hence, the signal bandwidth is very narrow and (as illustrated here) has little range
dependence.

- Next viewgraph, please. -
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CONCLUSIONS

FOR A CONSTANT VELOCITY SOURCE:

1. TOTAL SIGNAL BANDWIDTH GENERALLY DECREASES AS RANGE INCREASES.

2. BANDWIDTH OF RESOLVABLE EIGENRAYS IS VERY NARROW AND
INDEPENDENT OF RANGE.

3. MULTIPATH STRUCTURE AND BOTTOM REFLECTION COEFFICIENT ARE
KEY FACTORS IN RANGE DEPENDENCE OF BANDWIDTH.

Viewgraph 12

We can summarize our results as follows. For an acoustic source moving with
constant velocity, the received total signal bandwidth will in general decrease as
range increases. However, the bandwidth of frequency resolvable eigenrays is very
narrow (typically less than 4 millihertz) and nearly independent of range. These
results can be directly related to the multipath structure, bottom reflection coef-
ficient and Doppler effect.

- Viewgraph off, please. -

Thank you.
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